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- PPIase ^ AHtSl^l ^«}« if-^ ^ tg. 

ojo] ^-A^lofl c^fl ^SJ^ S.^ o. ^ A ] 7l7H] o.^ ojo} pp Iase % ^ ^ 

^7) AMfSl^ fcflj^ *JE*H AHtSil?! A JE^r o. 

A>*H <^ ^s,^ #*j*>^ ^1«J-^ d^#ofl ^Jolrf. ^ 

PPIase ^ *H#M?1 ^2)0} 4^ 0 ] -B-£S]^ A>ol^ Sii ^ A g; 
-B-Af^ofl cflSfl tfl^^. ol^l ^ ol2l ^ ^ofl ^ ^ o]4 

£ 9b 
4, PPIase 
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^1 

A 6\] 2]^ -B-^slfe ^13L^-^^ aj-^HUse of Cyclophilin As Antioxidant 
and Prevention of Cyclosporin A-induced Toxicity in Cell Transplantation by 
Overexpression of Cyclophilin} 

H l£ A>ol3. S ^i^ A(CsA), FK506 ^ o^^-cl a] (ascomycinH ^Itt^ ^ 

A> ^Ofl p}*)^ J^-i- V^-lfl^ ZLSfl^Ol^. 

£ 2a^ CsA, SDZ NIM811, FK506 ^ o}^i&W- 0 l^ 0 l Aj^> ^-sj-ofl 

^ 2bxr CsA, SDZ NIM811, FK506 ^ ofis^o] a] o] s*|<2] a]*v ^-2.4^0) ^ofl 
£ 2cxr CsA, SDZ NIM811, FK506 ^ o^^j-o] Alo] 30] a}^ Afl3Eii 
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£ 2d^r CsA, SDZ NIM811, FK506 o>^ S o|-ol a] o] $s>\ ^SLJ^s.^ Aflii 

£ 3afe CsA, SDZ NIM811, FK506 3l °}^5Zv\o] aj o] 3^ ^-zi^ -frsfl ^5.4 

£sH 5141- ^"^^l #7] ^sltb ^Efl*)-^ 

£ 3b^r CsA, SDZ NIM811, FK506 ^ oj-^^pj-o] a] ^cq A >^] -ft-efl 

£sH S4t ^-^^71 ^-71 ^i-^- 1- 

£ 3cfe CsA, SDZ NIM811, FK506 ^ o]-i5in]-ol^l 0 l X >*1 ^4 5-5. 

'i (TUNED 

£ 3d^r CsA, SDZ NIM811, FK506 ^ o^^o] a] oj 3 A ^ §3^. o.^ 
4li11 Ml- 3-Sl*M ^*H, ^7l ^1-^ eS-^i^ DNA 

a: tl)2? b: luM^ CsAS. *M 

c: 2.5yMS] CsAS. d: 5uM^ CsAS. ^e) 

e: 10 yM^ CsAS. ^ f: lyM^ SDZ NIM811S. ^e] 
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g: luM^ SDZ NIMBUS, ^e] h: 9uM£] SDZ FK506AS ^e] 
i: 200nM^l °>^Su>o] Al o,^. ^e) 

£ 4^ e^-W #?il^<& CsA7> e^r^-SJ- ^ ^li^^ofl ^-o]^>7l 
^H, CsAS. ^eRV -B^s}- ^Tfl^^ ^sfl- a>^o}4. 

£ 5a^ e^sj- #711 ^<tf CsA^l ^sfl -fi-MJ-^ ^ofl RQS71- ^^Hr 3^}- 
71 fl«H, CsAS. ^Eltt *Vl3.e\ e^-^-s}- ^^^<?>^ R0S<#* ZLSflHolc}-. 

a: PM(^wfl*l)<>lH Mfl^t!- R0S<£ 

b: DK^-sHWHH a fl<£^ es^liS] R0S<£ 

c: CsA« *\^^ DM*))*] wfl<#tr R0S<# 

d: SDZ NIM811* ^sltb DAMH nfl<#t!- e2.^1i^ R0S<£ 

e: CsA^f DF0M( deferoxamine mesylate)^- tMl ^£]^r DM°1H Hfl^fj- -BS^i^ 

R0S<# 

f: CsAS}- ^e]^]- DM<^1^ wfl<£*!- eJE^^o] R0S<# 

£ 5b^ %KrsM]7 r CsA^l ^*fl -fK££ ^i^S-^Ei ^.J:^- ^ ^rf^ 
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Control: lOuM^l CsAl- ^e)tb ^13E 
DFOM: 0.4mM^ DFOM^ lOuM^I CsA# 
Catalase: 2000unit/in«^ 9}^^)^ 



#^ ^^V: 2003/7/19 
lOpM^l CsAS. ^elfh *fl2E 



£ 6a^r Afl^^ ^«j^°J BaxSl g-^H u]*]i=. C sA^l <g*8=-§- ^°1*}7] fliSH %] 
£ 6b^ nl S ^c^o> nv n]^]^ CsA^ zi2flHo]cf. 



a: PM<HH wfl<#?)- ^]5E. b: DM«^I «fl<#tr Afls 

c: 9uM^ FK506# DM°fl-H wfl<£^ ^ 

d: 200nM^ ^.S^H^ r^o]]^ yflo^ ^ 

e: lyM^ CsA« DNHH Hfl^tr 4li 

f: 2.5pM^ CsA# U-fr^ D1WH ati^tb M]S. 

g: 5yM^ CsA-& ^-fr^ DlHH Bfl<&*]; 

h: 10 yM^ CsA# DM 6 )] ufl^ 
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£ 7bfe ^ ^lil-o] H) ] 7 ). nBflEo)cf 



♦ 

A i wfl°^ ^ , ROS^ ^oJcK 

£ 7d^ ^iJ- ^]^## CsA ^ H 2 0 2 <H1 i^t^j ^Efl^ 

£ 7e^ ^ /fl^t^ CsA H202O]1 t#Al7j A< g # o. # 

£ 7f^ -S-^f ^ 7j-<* CsA * H 2 0 2 °fl ^#^^1 Bax^l ^Hg^ 

£ 9a^ CsA7> CypA ^oj^j fl<H ^ 
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<so> PPIase ^-i- ^H^^CCyclophilin) IKtS^S.*! 

2\ -g-5. ^ A] (cell transplantation)^^ ^<^l*fl Aj-ol^-^^^^ 

A(cyclosporin A, CsAHl ^sfl -^^^^ s}-^ 
(overexpressionH £}t!r U"*H 3Mi=r. 

<51> CsAtt 7]^ol^ ^ ^^^SHH ^E) A}-g-£]aL olx} 

(Alejandro, D. S. , et al . , J. Am. Soc. Nephrol. 5, 153-160, 1994). CsA^ ^1 
CypA^r ^tr^fe a>o]^-^ ^c-ll7l-^Bfolc( cyclic undecapeptideH^f. CypA 
xr CsA^^l ^SlS. ^I^tt PPIase(^B]^-s^^_Al^-E^^ o]^^e}^) 

M)S.^ ^-«H^olcf. ppiase Jl4i^ jUl^S.^ *}--§. s^c-l] ^Mfl^oj s. 

^(folding), ^t\JL 4t^l^l St^* -R-*l*fl^r 

tfCAndreeva, L., et al., Int. J. Exp. Pathol. 80, 305-315, 1999; ^ Hamilton, G. 
S., et al., J. Med. Chem. 41, 5119-5143, 1998). PPIase^^l ^z\}7} 

^-S-tt ^W^CBierer, B. E. , et al . , Science 250, 556-559, 

1990). CypA W^ttt ir^ CsA-CypA Wife ^ ^^(calmodul in) 

cj-tiB olAVgL^ ^rAl^-^( ca lcineurin)2f £tr*H =L ^ ^a] ^cf (Friedman, 

J., et al., Cell 66, 799-806, 1991; ^ Liu, J., et al., Biochemistry 31, 
3896-3901, 1992). ^a]^ %aJo] T ^o]^-± 1 ( nuclear 

factors of activated T cells, NFATs)^ ^^(translocation)-!- ^V^H T-Hlsl 
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1020020069822 %^ H*}: 2003/7/19 

(helper) Aflis ig^^-g-^ ^sj.-g. nfl 7 fl?rRr ^3L?1( lymphoid nes)-§r 

*S}3^ tWMatsuda, S. , et al . , Immunopharmacology 47, 119-125, 2000). 
CsA^r °]q ^ *}7}^<* x)g_o]} ^q*) ^7l# 7 r 7^ ^ # o]^n> §3^* 

tf^fb ^M3* -R-^H «*H>II f^tfl^ ^fl* ^ji?H=t (Rush, D. 

N., Clin. Biochem. 24, 101-105, 1990; Arellano, F. , et al . , Lancet 337, 915, 1991; 
^ Biring, M. S., et al . , J. Appl . Physiol. 84, 1967-1975, 1998). CsA^l 2]*fl ftH 
€ e^-tg^r ^J^^S. e**, 3^, e^- <W, m^S- a^l«>m7m->||(creatine 
kinase)^ <Q °-^t}(Goy, J. J., et al., Lancet 1, 1446-1447, 1989; ^ 

Fernandex-Sola, J., et al . , Lancet 335, 362-363, 1990). CsA-fKE e^r^^l 7]&-§r 
fr^r^r *Rr *)SL7} ^o] floj ^ <£^<HH CsA7> T-fl^ e >8 -*MM ^ 

^-i- ^-^l-^i es.^li tifl^l^ ^ *sh& ^^i*h ^ e^lis^E^ e^- 

^fltr^ ^^^^-(Hardiman, 0., et al., Neurology 43, 1432-1434, 1993; 
Abbott, K. L., et al . , Mol. Biol. Cell 9, 2905-2916, 1998; ^ Friday, B. B. , et 
al., J. Cell Biol. 149, 657-666, 2000). ££ 4€ "S^I-^H^ CsA7 r n>o] S ^.c^o> 

Jl^ (mitochondrial respirat ion)-§- #4:^] 7]:n(Hokanson, J. F., et al . , Am. J. 
Respir. Crit. Care. Med. 151, 1848-1851, 1995) Heflof^ ^^\] #4k>11 <2}tr 3.$}°} 
Q ^#1 #±.m -n^tr^r(Tran, T. T. , et al . , J. Biol. Chem. 275, 35708-35714, 
2000) ^-a- ^ CsA-fr-S e^-^cl ^>ols^e]o> *j-ofl s ^ 6\]\jx) ^-Efl^- 

SEfe #7l^fli (myogenic stem cells)S.^i ^ -g- 
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■fi-^ e^-^ dy/dy g mdx 5L«: °l-§-* r cn| «>1«8^ ^(dystrophic 

muscles H 3# -fr^-I- #<y^& ^ $a^-°l <£s^jL(Law, P. K. et al . , Muscle Nerve 

11, 525-533, 1998; ^ Partridge, T. A. et al . , Nature 337, 176-179, 1989), 
7lti>o.S. *H 1990\lrfl ^HHl 4]tr -fr#^ ^o]^ ^. ^ oj- 

(Duchenne) e°l<3<£^ ^-xH^ ^ ^r3.M]S.^] °H ( ai i og enic myoblast 
transplantation, AMT)# ^S^Ml 3£)&t}. ^7}$] ^-g-^oj^) 

^o_n}(Skuk, D. et al., Microsc. Res. Tech. 48, 213-222, 2000), <^]^- <^B\ <£^- 

^, -f-^H eS^li^ ^^H^-S ^ ^ i2]*fl 7l^H.5.(Gill, R. 

G. et. al., Cell Transplant 4, 361-370, 1995), AMT» ^^}7] ^*fH^ Tgca 

A(cyclosporin A, CsA), ^HSB^iCtacrol imus , FK506), a] l-^^isH-o] = 
(cyclophosphamide) , FK506£r *1H ^ 95% 

^^-^r# £.91 ^"^(Kinoshita, I. et al . , Muscle Nerve 17, 1407-1415, 1994; 
Kinoshita, I. et al . , Muscle Nerve 18, 1217-1218, 1995), Al-f-si^sH-o] ^ AMT 
*<fl -6-^ e^-R-S] ^Al^l^l ^^(Karpati, G. et al . , Afeyro/. 34, 

8-17, 1993; ^ Vilquin, J. T. et al., Neuromuscul . Disord. 5, 511-517, 1995), CsA 
^ li 0 l^ 3-°^ ^s^^cfCLabrecque, C. et al . , 
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Transplant. Proc. 24, 2889-92, 1992). ^} , CsA^ ^^4^S.^\ °H 

^(Wang, C. et al . , Transplantation 58, 940-946, 1994; Perez de Lema, G. et al., 
62, 1745-1753, 1998; ^ Wolf, A. et al., /. Pharmacol. Exp. Ther . 280, 1328-1334, 

1997), e^-fHH^r e^- -s-ih^ji, es.4s «nMH wi- 

<>M1*H ^]1^E^ e^lH* ^(Hardiman, 0. et al., 43, 

1432-1434, 1993; Abbott, K. L. et al., Mol . Biol. Cell. 9, 2905-2916, 1998; % 
Friday, B. B. et al., J. Cell. Biol. 149, 657-666, 2000)^1 nfl^l ^^f-ol 

°H ^°l7l CsA^l 415] =-^,g- ^7^-^ 

(Wang, C. et al., Transplantation 58, 940-946, 1994; Perez de Lema, G. et al . , 
Life Sci. 62, 1745-1753, 1998; Kumar, K. V. et al . , Transplantation 67 , 1065-1068, 
1999; ^ Naidu, M. U. et al . , Nephron. 81, 60-66, 1999). ^-^Vs)-^]^ 
^ R0S ^7>S 91 ^H^Kapoptosis)^^ -^-g-*] 0.5. ^ 01^ 

<>H, 41 °1^HH ^<^*M1 CsAofl ^S)^ 41S] ~o\ -% J:*H 
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°H $S.<$ WmsL^Z.^ A(CsA)^ ^ o]^ 4^ 

^li^^(apoptosis) ^ 45^^- -^s}- ^H5fli°ll ^«fl Jf-g-aJ AM-g-^sj 

^ A(CypA)^ PPIase #^o] <3*fl^o_s.*| ^^-g- ^nf. ^l^^ CypA^) 
PPIase ^j^jHl 21^3.0 j- &qifcL #*)^. CsA<^l ^«fl 

-fr^ ^li^^Sl ^lTf€(calcineurin) ^ofl cq^ ^o]^^ ^gfloj 

^4 ^H>£]^ ^o]u|.. ^^ ># ^ 4£ f CsAofl A};*} 3f. $ 

€^ M]S.7\ 7}°^ O.S ^ £ £-5^ ^ oj-uj&f ^7H<ll CsA ivMJE vfl 

7>3* ^^rf. o]e^ «^o. 7] ^ s ^ H ^ ^^-^ oi^i ^ £6fl CypA 

^ PPIase f^jl 5fe a>o]^^^^ i^thi- 

^ ^ ^SMI* ^l^tf. 

*]*Rr 

a 4€- ^^^-SAi, ^- ^ 6. A>o]^ S ^^ #^21 -fi-SEiM Afo]^ 
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^ 4^- ^JLS^, £ ^£ A>ol^- S ^^ ^-M-g- a^fe -B-^^« 



A]-ol^>hi^ A(CsA)^ ^MSS. 3 !^ D(CypD)eHr 4°l£^-Be|o> cj-ai^ofl ^^j- 
t!: ^ ^lS^^eM ^4 (mitochondrial membrane permeability transition 

pore, MPTP)# ^^fiLi*! 7M*r ^ AS <&B}^ ^(Szabo, I., 

et al., J. Biol. Chem. 266, 3376-3379, 1991; ^ Halestrap, A. P. , et al . , Biochem. 
J. 268, 153-160). tfJr^l CsA7 r a>^- iH e |A f -fr^cK^ ^ ^ 

^Jl &4(Longoni, B., et al . , FASEB. J. 15, 731-740, 2001; Leonard i , A., et al . , 
Arch. Ophthalmol. 119, 1512-1517, 2001; Zhong, Z., et al., Am. J. Physiol. 275, 
F595-604; ^ Zhong, Z. , et al . , Mo 1 . Pharmaco 1 . 56, 455-463). ^ iLJL<HH^ 

%KrsMHl o^fl CsA ^R3°l #±s\b.£. til-g-^ ^(reactive oxygen species, 

R0S)°1 CsA ^.91o]^jl ^cfCWang, C, et al . , 
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Trnasplantation 58, 940-946, 1994; Kumar, K. V., et al . , Transplantation 67, 
1065-1068, 1999; $J Naidu, M. U. , et al., Nephron. 81, 60-66, 1999). 
t > o le ^> v}& 7 }x ]SL> tfig^ CsA7> 

^£5*- 2L7}o\] ROS ^-Sr^ ^ ^idb^# ^^'t ^-oi^cf. ros 

^JLsL il^ CsA ^rJEofl C sA^ 1 ufl*l IOuMaH^ ^ 

*1 ^5^1 ^Itt ^IliriA ^l^^O.uf «-5}.^^.o. nl-^- a 

*r^4. CsA *1*H ttfs}. Bax ^-^JI n>ol £ ^j=^c}. nV^o^^ ^ 

J^S ^Efv^cf. oi e-) *v ^jt}.- CsA-^i-^lii^^ ufo) £ ^e]oi- <£^s)o] oi 

- ^ £ A l x >tr^-. CsA o} j:^- rtj-e^- ^-^^ 

CsAS] ^« ^ o!^. ros ^§o] 7^ i^oj ^ nM(nanomole)^ ^ 3 

CsA^ f^^i ^J7£)j7 oicf. aV^o,] lllM oj^o] ros ^JEoflA-]^ A> 

^ -fr^U CsA^l *>-§-*W ^ 2:^51^1 Mpxp^ 7fl « 0 v W 

(He, L., et al., FEBS Lett. 512, 1-7). CsA7 r Bax ^ f ^}o)^^o} dv^ 

3 5E^ 7>^4*ll 3 &^)7]jl ^S^-fr ^0.71^]^ cfltb 7HltV 7)^ «| 

R0S7> CsA ^-§- ^7fltr4^ 3# 1^ SM-4|5= 3^*|-ui CsA7f R0S# ^*Rr 
^> 7 ]^^ *v f^s]^ oi^] CsAS] ^| ilfl s ^o] aJ-oJ^jl^ A(CypA)^ 

-ROS-7]^ 7}^ %<L3- *1W£H ^(Doyle, V., et al., Biochem. J. 341, 
127-132, 1999; ^ Lee, J. P., et al., Proc. Natl. Acad. Sci . U.S.A. 96, 
3251-3256). t^HM ^ ^ofl Cs A-^ ROS CypA/WT xfl£(H9c2 
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3^ eS-^m^l 3 CypA ^#x}7} ^#<*£ ft^^JL 

CypA/R55A ^]i(H9c2 ^ CypA ^1 -fr#*}7}- ^#<*€ *ll 

ii^i, ^1 -H-^i^ CypA 55«i # 7 -|7} o>s 7 ] v}-^-^ 

^e^-Td^-S. CypA #«-M-8: °1 

1/1000S ^El^-Hl-^-Ali-H^^ (PPIase) o. ^--4)^ 

&\£r PPIase CypA^l %-R0S-7l^3)- 'S^* 7>^Jl 

CsAtt ^^AS PPIase*^* °-3-»\ R0S» ^thi: *l*}th=h CypA 

3 ^^^-S-^ SHZLl-ofl ^ *b ^-aV^. %^(Lee, S. P. , et al. . J. Biol. 

Chem. 276, 29826-29832)^^ CypA/R55A7> R0S ^±^7)7}^ ^Wl*}^ SHU 
= 0. o-^j-jL 01 7l afl^j ppiase*^* * ^ 5U^. 

<66> -g- ^rgofl nfs^ -f^^o] ^ CypA/R55A^1 CsA ^^fif -^i^l 

^^Hl ^V^>7l nfl:g-ofl PPIase ^0} ^^g-sHH 3]^o] <*^g- & 
3}<L3. ri^lcf. ^*\}3- ea^life R0S» CypA/R55A^1 

«fl*] (DM) °)H R0S ##A)7ljElS CypA/R55A7> R0S-I- ^ 

^-^■2)- 4^ #°fl ^S)-4-§-^ PPIase*^ 3i>j^oi ^.a| 7l . oi_g-_g- cf-g-jij. 

^ -f^d DM°fl *| CypA/R55A >*fli^ ROS -f^-^iL 

5.^ y o v ^^ 9Xxr DM°1H 1 mM CsAS. S.^-fr&x}^^ ^r3-*\)2.<*\} 

^£^4. S*V, CypA/WT, CypA/W121F (H9c2 ^ ir)^ CypA 

-w£x}7\ n^ft'gg. =L **o] fr&Tfc CypA ^^^^1 121^ o}nl^AV 
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*7]7> HSStfo^Ej ^^AS CypA «o] eqg* «v^ H ol ^ 

oj^ofl ai^H CsA-^ %i^oi 1/iooo.s Q±fta. w ^so] PPIase 

*M3* ^4) % *#SM|fe R0S# t°j^ CsA-^5L-^±*3.^ ,| £f ^ 

■fl-^M nfl^l, ol CypA/WT, CypA/W121F JEfe ^VsMH ^ R0 S 

5^ *tf*M|S. *1*1*H ROSS CsA^l Af^xl^l #5*4. 

Hj-^ofl cf- a^cq ^ )l4 ^^ (menadione) £fe #^ a }^l(doxorubicin)oll ^ o >7l 
€ ****** ROS 3**51 <^d€ ^ 5*34. R0S xg^o] 
CsA 5MH £j« Jfri^a. iJW . ^ ^ CsAol] ^ CypA-PPIase «>g 

ol 6J^|sl7l nfl*^* ^1A>*V4. CypA-PPIase *HJ£ ^^2-12^1 ^ ^ 

^(Andreeva, L. , et al . , Int. J. Exp. Pathol. 80, 305-315), CsA7l- fc*)^ 
#^(folding)^ Mf-o.^ ^ oi^ 7> ^^ # ^ ^ 

° 14 *^<>U CypA-PPIase «44 CypA-PPIase «44 

ol CsA-nfl7fl-**^ol ^ 7lxJOJ# d]e]tb ^ ^ 

^(calcineurin) M# ^^l^-o.^ e^g-s)-!- ^Wfe c]^ ^ 

(Friday, B. B. , et al., J. Cell. Biol. 149, 657-666)1- S^fe 

- *M*3 ^*fl CsA o.^ OJ SDZ NIM8nol ^ 

°H, FK506 g 4^n>olA] (ascomycin)ol e***SW»W 9JAl^o. S ^ 7> ^ 

3 #3*1 ^^1^ *JE6fl^i£ ****** ojo^ &o_ # ^ fl 
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iSJll^l CypA^ $-5.7} 1-<H i^lslJl ^(Hovland, A. R. , et 
al., Neurochem, Int. 35, 229-235). & ^41"^ ^ CsA<^l ^ 

CypA -fr£^ 5uM ^J1S<^1 cfl , °1 ^- £ oflA^ ^-s]-^ ^ 

^fli^o] o>7l^cf. CsA^l ^>^iii#€ efi^llr ^ f^tifl*l(PM) ^ DlH 

, ™ilt^ CsA tflsfl tfl^ ^.^4. o]&|^. .M. 1^0} CypA r^j] 

^ ^-£7} csa<^i ^ ^-§-#-§-^1 *n^g- §>ji sa^s-a- ^VW. 7^ 

CsA^l ^ ^-S-^-S-^H CypA7> -frH^ xi\ ^ ±§-5.<*\)*]S. ^s[7\ 

7}^\A] $\9Xt\. CypA/wt ^ CypA/W121F ^li^Hfe lOuM CsA ^*fl «HH 4 

S^i^Ei ^Jis]7l^ #7}^s]-^4. ^ CsAofl cfltt ^-§-^>-S- 

o] ^aflofl^s. nfl-f ^l^h}- ^zj-s)^, ^#2}<y 1^ ifl CsA 0.1 - 0.6pM 

^^H 91*) # ^ f 2:7] -g-*?H <3}sfl 1^^£7> 

^^l^AS lpM S^r ^- ^E^-fli^o] 7}-^t!:Hl °1» ^£ 

4(Shaw, L. M. , et al . , Clin. Chem. 36, 1841-1846, 1990; ^ Tegzess, A. M. , et 
al., Trnasplant. Proc. 20(Suppl. 3), 530-533, 1988). °1 ^-f <>H€ eSL 
^life 3-§-t>-§-°l ^ !-7Hr^- ^JE $14. #^ CsA^ t<2»ifl ^£ 

£r t^^r CsA SH3°1 ^ iS^lil ^*fl ^-g-^Sb CypA PPIase % 

^s] ^^11- ^JsH, CypA^ ppiase R0S ^l^^, CypA 
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*r^£r CsA ^JLSJf-Ei SLJ:*}^, CypA^ PPIase e^-g-sH 

O.S. OjCf^ 71 3T>J1 $14. 

m^o^ AHtS^^l PPIase JLrh SL^ ^<£, 

*flS^- Afo]^^^ , ^^^)l(isoforms) ^ ^l^l (mutants)!- if-^cf. Aj-o]^ 

^--^^ ^ ^-Ml ^"^^S.^ *M#5.€^ A(CypA)7f J§.oj| <aj*fl 

Si Sr^-Sr M-Bfxfl^ ^o.s £|^4(Fischer, et al . , Biomed. Biochim. Acta, 
43:1101-1111, 1984). Ht-^ f-R- ^Efojco) a] ^-H^i 

^ *r JLdbl- 5fl*l ^HHH ^IfAS -^^5>J1 o] Jl^# ^El^-H*^ Al^-H 

iffli ^l^B^l (PPIase)^ ^^^1-^4. ^ JLi^l N-^# ^b)-o]^ £\<£ g-M ^ 

4 =L £_^~ a>o1 #S ^^jz). ^o. s ^^(Lang, et al., Nature, 

329:268-270, 1987). CypA^ , ±, sfl*l ^ £ ^-*V 5E-R-^# S3j (Koletsky, 

et al., J. Immunol. 137:1054-1059, 1986H*] -f-^^Ml 18-kDa J^S.^ 

^(Haendler, et al., EMB0. J, 6:947-950, 1986Ht}. CypA7l- °)^S. 
A>o]3.^^5ao] -^^sl^ji o]-i- a.-^ PPIase ^ ^JLS M-Hl-^o.^ 27^ 

^1 ^^>^ *Rr ^Hf-tV i^ojol o]^*> j7 £S 18-kDa 

£nflo]^- Afol^^^ 0 l^^(isoforms)(Gething, et al., Nature 355:33-45, 

1992; Price, et al., PNAS, 88:1903-1907, 1991; Spik, et al., J. Biol. Chem. 
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266:10735-10738, 1991; Friedman, et al . , Cell 66:23204-23214, 1991; ^ Bergsma, et 
al., J. Biol. Chem. 266:23024-23214, 199DS § °ll-^r A>^-o.s. -frsflsl 

Cyp-40(40 kDa)(Kieffer, et al., J. Biol. Chem. 266:5503-5507, 1992) ^ Cyp-60(60 
kDaXWang, et al., Biochem. J. 314:313-319, 1996) ^ S 1 ^-^^ ^ zJs] 

(NK) M)S. ^f°ll-5.^^(150 kDa) (Anderson, et al., PNAS, UAS 90:542-546, 1993)-§- 3. 
f-^rf. *e r^s. Schistosoma mansoni (^7} Koletsky, et al., J. Immunol; 

Klinkert, et al., Mol . Biochem. Parasitol., 75:99-111, 1995; ^ Kiang, et al . , 
Mol. Biochem. Parasitol., 76:73-82, 1995), Toxoplasma gondi i (High, et al., J. 
Biol. Chem., 269:9105-9112, 1994) ^ Plasmodium falciparum(Bel 1 , et al . , Biochem. 
Pharmacol., 48:495-503, 1994; ^ Reddy, et al . , Mol. Biochem. Parasitol., 
73:111-121, 1995)* 5L^tr * r °l#S.€?l<>l 

DNA°ll -*| Tr^efl^ol^^ ^ s-o^^ol^- -fr^*M i&^Rr DNA 

<^3<H tHS, ^.o) 7}*]}^ o)j^ ^^7). o^o. ^ 014 ^ # s.^ ^ 
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DNA<^H <^<m ^-$H #<a^°]# -B-S^ 7]#^ ^ <£e^ $i o.^ 

M13 H4°H l-<?l^ 0 l-B-^: o m-. #1£r ^H^-^fl ^ 

^§V^ ^Al^-cf. o^l^ s.^ a- ^-o>oH *v oj-^ 7 |#(Fischer et al . , Biomed. 
Biochim. Acta 43:1101-11, 1984; ^ Harrison et al . , Biochem. 29:1684-1689, 1990)^: 
ol-g-§>^ oI^^b}^ J% 7 m ^ $}4. A>ol# S ^^ A 4€- ^S^l 

9= 1 vfl^l 207fl oj-nl^AV^ <ga, a^s. ol^c^^ + $JiL4, J±4 €• i&tt 7>^H 

*r $14. ^ 1 i^l^l 307fl£] if7lo|if, <&]«. ^-foflAi^ SL^o]^ ^>uf7|- ^ 

^ ^ $l^r 34 ^1 1±4 ^ <J^1 5EfV 7>^ ^ $14. 

^iL^l nq-e^- A}o]^.^ #«^4 ^^Aj^l ^ol^]7l- ^ $J4. 4^ ^ 

l-'S, °14i^4^ ^ #7] 71- ^ $1tt31, 4o|f S A £?} A4 

^SRr 3 0.3. ^H^H A>^- A>o]^ S ^^ A o] Lys31) Arg55; Gln63> Glu81; 

Asnl02, Trpl21 ^ Hisl26 -§-<>l ^^>1€ ^ $14. 
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1-^ PCR ^ ^ ojsfl cDNA £ ^ ^ 4°1«.^« ^ & 

4. ^ DNA^r pBR322, pUC19 T <S|44 ^ ^E-]vfls oj-a^.^ ^ o^cf. A}oj 

#5L^ ^ DNA ^<£oj ^s)^ ^ ^j E ^ oj. ^efol^w. 

3 -n-^fl^ 1-4^4 pET3A; pBluescript SE-b pUC19), 4^1 *| tug e^^Jf 

-n-2fl€ #4^*1 ^Hl, pUBHO, pTB5 pC194) , JLES^El -fi-Efl^l f-^u]^. 

( P SH19 ^ P SH15), «HMi>_44*lHl, ^cf sH-^), ^ «]-ojal^Ml, i]]^3_v\o)z] 

^ 44*1 4^1 cfltb 7l## °]-g-4°i ^ifls. £<y*}-4. s. 

°1- #4*1^ 3* <3SKHr 4-§-*r4(S. N. Cohen, Proc. Natl. Acad. Sci . 

USA 69:2110, 1972). 4^3^ ^[S. Chang et al Molecular and 

General Genetics, 168:111, 1979]^1 wj-^ofl nj-s]- ^X|4[- ^ ^cf. 

^[Parent, et al., Yeast, 1:83-138, 1985]^1 u o v ^°fl 44 el#4*N) 

°1— 4 ^2))S.#4^B (spheroplast)^ ^ ^a]^- ^ oicf. ^ x|£oj 

M ^-^i [Virology, 52:456, 1973]^1 7]^sj ^o\] tt(-e|- ^ ojt} 

4°ls^^l <^ ^^^^ ^[Biotechnology, 6:47, 1988]^ 7]^& «j- 

tr 7]#* oi-g.^ tifl^4. <« 1-^, °1. #4 0 1« afl^Kf ^-f, 4|3£*f 30 

ifl4 40°C<>fl4 LB Hfl*H4 2.$.^*) t£7]}77\7] ^^-Al^lcf. A>ol^^^ ^-M^r ^ 

tifl^l-S^-Ei C^ll- -i-^ tifl<#^ 4£ tiflOj: -g-Ofl o,^^^ ^.g^H 

3*fl^ =r &4. ^##o)l ^-0.5] Afol^-s.^^ ^-wj)^^ ^ ^ 

^ ^4 ^IH ^*fl g^lf ^ &4. o]s. tij-^o^ ^ ^ ^ 
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7 1^^4 ^ ^-7r^4 °1 -§-«!■ y o V ^ , °1^-HL^ ^ 33*K£.ZL2fl2l<2j- ^ ^ 

^ £ iTR 1 ^j^JZf ^-^o] ^oj- oj-g-^- s. - olcf. 

H 2 0 2 , HO- , H0C1, 2fl^K3, sfl-iMMB! ^ 1H^H=D# ^dMlT^^M- -ft-e| ej-c] 

^ 4€- *>-§-^ 14 ^ <£-§-^ ^JLS #nfl^ 0.3. ^s)-^^ A] 3)- 

^-§-°fl ^7}-^ afl ^"71 ROS SL^ ^-71 <£-g-^ ^7l*>7iq- 3^7}^ 3 5= 

3. #^A] 7)^ %VA_V2j- ^Cf. 

^ £-7Rr 4^-§- SL7l^ -n-7l^(nonfacultative aerobic organi 

^ ^(reactive oxygen species, R0S)-2-5. IK^^I ^-^-sj-l- -g-o]-g- ^ ^a^^^. 

4 ^ ^ ^AfA>#^ ^ 5U4. <^ ^Bfl^ ^ ^-5} J!}-Cf*> 
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(metal loenzymes), ofl* ^3-1- ^^fE^l (superoxide dismutase, SOD), 

^(catalase, CAT) ^ ^efl^- #^e}-e^ 2)1^-^1 cf^^n]- o}u]h}- o]^^ <5H;e.S51^> 
o]^ ^-e^^. 511^-^4^]^ ^ JL^7> HL^ 4^#£r 

#^^-*r ?r^(dioxygen reduct ion) -R-iE^ ROS^l ^fl^-<Hl ^-^rtr-R-Sdt: 

3 5U^r. °1§ ^f-B-JL^ SOD CAT^ 

(underexpression)# ^BHfl^ -^#^1^1 =§^£)&nf. £E*r, °>^-^i^ SOD^l ^tb 
^l^l^H*] -SW^-^ t^^E^ ^. £7 > ^Hsj^tKEstevez, et 

al., Science, 286:2498-2500, 2000). 

(genotoxicity) ^ 7>^^-*Hl ^Itr itr^cf. cf^. ^o_s, o)s. ^ 

^ ^7fl^l^ (catalytic scavengers)^ ^e) oj-;g «fl o)^). jt f pH 7.00^ ^-g-Aj 

°1 <H 0 1= ^ , -ff#*Hl °1 <H <>> tr^f . 

-n-^l Sf^^: ^ ^l^iH (oxidant) J-^ ^*fl*| ^s-o^ofl > ^i^E)^, o} 

^nflolH, S^H-, -e-wlflfe(ubiquinone), ^e|^-«l(bi 1 irubin) ^ .^-4 ^ ^ 

ojej %M>SMl^r ^^aj IKWajS ^r-g-trcKKrinsky, NI, Proc. 

Soc. Exp. Biol. Med. 200: 248-54, 1992). 7 r 5.3)^ol JE (carotenoids) ^ iB^]A 
^ ^ ^Qo\] rfltr iLJ-*ljS*| <£^-=l ^ 
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^r^Ml^ cf-g- ^-fr°14. ^[Canfield et al . , Proc. Soc. Exp. Biol. Med. 200: 
260, 1992!N*r ^E^olJEisq- ^ <£) a> 

2^ *fl^SsHr^fl# preoxygenation) ^-°H ^-^5}^^ <§^o] 

(DesferalH&rjrt ^rj-) ^ ^ o^-o^ HQ - i£xg_g. o^^ts) o] ofl uj-ej- -fi-e) ej-c] 
^ oj^ajis.^ ah-g-^rtKGutteridge et al., Biochem. J. 184: 469, 1979; 

Halliwell B. , Free Radical Biol. Med. 7, 1989; ^ Van der Kraaij et al . , 
Circulation 80: 158, 1989). ^n^-^^o"! =-7jl<I ^^Vsl-^l , <i?lrfl 21-o^li- 
S.o)rE.(<gx$ ^Vsolc(i azaroids )s^j7 ^-cfX^l, U74006F)7> tg^oj O^j 

*\}3.*\ ^l^^nf. r-fl^sll^^n], <£3.^a)-^( a llopurinol) * 7]e]- e)-#S.5q ^ p] 
^Hl, ^l^feW Ale 7 r <*3 Aj-Sfl 2.^ Al^^ (myocardial stunning model 

system) ^A-KBolli et al., Circ. Res. 65: 607, 1989) ^ #^Aj ^ ifl^-$ da3. ^°\) 
(DeGarvilla et al., Drug Devel. Res. 25:139, 1992) ej-t] z}- ^Ajo] tflsfl 
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t°l °ll-§: ^n^^-S. *(M*r*r c]a^-e}^i ^ 7}^ 

-tfSflCUyama et al. , Free Radic. Biol. Med. 8: 265, 1990; ^ Lim et al., Ann. 
Thorac. Surg. 42: 282, 1986), Schneider et al., Circ. Shock 30: 97, 1990; 

^ Schneider et al . , Proc. Clin. Biol. Res. 308: 913, 1989), 3^ (Pat el et 

al., Am . J. Physiol. 258: H369, 1990; Mehta et al., Am J. Physiol. 257: H1240, 
1989; Nejima et al . , Circulation 79: 143, 1989; Fincke et al . , 
Arzneimittelforschung 38: 138, 1988; ^ Ambrosio et al., Circulation 75: 282, 
1987) ^ #^<£ ^ # ^mCVohra et al., J. Pediatr. Surg. 24: 893, 1989; ^ 
Flohea L., Mol. Cell. Biochem. 84: 123, 1988)# 5£^rtr ^«r3 -MS IE 

^ <«*r^l SOD^ ^ £.3*7} M.t\- o_5l ^7}f ^ 91^. c]^r 

bMI^ SEU #41^ ^ti>^ ^^(Systemic lupus erythematosus), 3.^ , ^1°^, & 

^ ^ ^lSf^^M: ^l^^^S.^ ^^^ASBr^l iL^-^ 2^*}-^s.^ 0.5. 

3"g-*rTT i7fl«l^# ^l-g-©>^ ^*Kr ^o]rf. # =L^e|^o} o.A>^S.ol Cr]Ei 

£f^$£r(Mitsos et al . , Circulation 73: 1077, 1986). N-°M1 ^^^Efl o] <£6fl^ 
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s-a^o. ^0.^-^1 A>-g-s|£tKBernard et al., Invest. 73: 1772). ^Hli e) 
.2-- 5 i L 3K(DMTU) ^ ^1- a -^l^H^CBPN)^ sf^n^ H0 - -g- ^^>^ ^o. 

3. <£B\*\ $lJL £ JH?HH §11-^^ ^^-^ ^ 71 

4(Vander Heide et al . , J. Appl. Physiol. 63: 2462, 1987). ^l-g- jfl-thtaLaJ- ^ 
0Y6]} 7 ]# 7^ 0.3 i 7 flwl^S A>-g-£]^4(Fox RB, J. Clin. 

Invest. 74: 1456, 1984; ^ Ouriel et al., Circulation 72: 254, 1985). 

ttf^H , ^H^^ ^ ^/5E^r 4^2rl- ^ sRVsHr^l- *fl?]*Hr J:^ 

^/Stt ^Aj^c]^ ^ 7 flwl^^i ^f-g-^ 3.^ ^1 ^ ^e]H q-Ef 

a <M*Kr 7V^# ^Cf. ^L^M-, °m ^>#^: ^ -*Mfl*r ^H3* 

-g-iHH ^> ^-ai^^v o. ^*icf. 2).av^. # 

^H^tt sttft 7 -jAS ^-g-^>H °H] ttfej- ^Tfl ZL^SM JL^I- J±7l ^fl^ Jl 
-n-^l s]-^^r-^^:€ ^ SE^ #31^ ^H-£ ^ ^} 

*fl* 7>S]?lcf. l^-g-^ #Bfl^r ^"Bfl^ ^ £.0)0} Cf^oljl ^ AVBfl 
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cfl^lsl^-Afp]), ^fl^H, £^11-, #^e]-e^) H~ #nfl(^ r SOD, ^eMD^I 

^7> 71 7^14 ^* #7>Al7l7m tgSl #Efl» £ ^ <W*Hr3l 

M-fe #3^1 ^-^Hl^i #Bfl» if-tW. 1-^, °H-s 

^ 3^, *KM3 ft, ^ ^\ o}^ 7]^, £ 

^, ^ ^£ 4^ 7l# o]# t <$~a$ # ^ <£ei]s 7l A3 

Bl<g, 7>7>^^(#^^ tg^ l£nV« > 7 )^ > ^ ^ c$ 

^s}-) ^-§-^ ^Hl, 0 2 '~, H00H)^r 7}^^ ^S^-^^M R0S* 

£ R0S71- oj-v} cf^. ^). 

<83> cf^ 0.5.^1, 4i6)lA^ ig^^^^ 4olfiA£^ A JEE^r °l 

Si ^>^ofl ^sq^ spg ^a^HI -frjit!: PPIase #^-ir A>ol 

iWRr ^flS^- ^ ^Eil- i^-f-* ^°.3. sM, ^111 
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*) #71 A>ol^^.^^ 4^-§- 4r5^H AH-a^i^ A Sl^r ^o} o.a}^1 

^ IHJS)^ ^H3^r ^S^Hr ^A^-g- *)] 

<84> AVo]^^^^^ A(CsA)^ f^ff-ofl nfa). 257fl o]#^ -frA]-*fl7} 

<£s^ ^c]-[Traber R., HELVETICA ACTA, 70, 13, 1987]. A}o]s Sii ^ A o) 
-frS^ ofl^ -^^J: WO 98/28328, W0 98/28329 ^ W0 98/28330^: 3 

th Afl5,318,901Jl ^ EP 0 414 632 Bl^r 8*1 ^^1^ a}*]!^ # 7 } 7 \ ^ai^ 

W^^^3Q A ^ -B-S^ll- 7flAl^^cf. ^-^]^#^ ^7fltHJ: W0 93/17039^ 

I'd ^l^AV #7j 7} ^£ ol^-Afol^-s.^^ X± -^7 r <^ ^A]*>ZL $X x ^r. 

#7) -f}-A}*fl 5L^^- A>o]l-s.iifa A<% v}?t7}7]3. ^^^S.^ Jl^-I- M-^^ °1 

SE^r 43 °H ^ CsA 5E^- o]<jJ -B-a].^o} *j*}ofl cq* fl -a-tfl^Tl) ^lliil ^ S-^-grSr 
oMI^M^^ ti>ole^ «J]Er|o11 ^ ^ -^sHr S3 43°\] 

>M*J #*g*Rr 3°14. ^3 Cf^- ^Bfl- tg^^ Ol-g.5>^ 0.^7> 

^i^H xMt^l?! .n-^ 4i 

(high-producing cell)^ a>^-^ -rr^\ -£L^# ^l*}. ^-5.5- tt^I 

7V j&.«3-§- s}^- ^ Al^eg^ ^.o. ^ e ffi c i enc y 0 f 

71-29 



1020020069822 <Qz}: 2003/7/19 

transmission), ^ Hfl tt^I*}^ <£^?r 4^1(stable replication of foreign DNA) , ^ ^ 

*VJ1 ^^=1 I}-*) (appropriate/regulated expression) ^ -f-^ #^-tr 

^ (adequate safety over the time of transfer)^ ^r^tr^r. -rr^i*} -S-^^l HS. 

^ <£$z\ 91°-^ ^-^IfE H Oldfield, Human Gene Therapy 4:39-69 
(1993)H 7}^& ifl-g-ir #J1S. ^ ^ ^4. -ft^*r SiSff Office of 

Recombinant DNA Activities of the National Institutes of Health in Bethesda 
MarylandS^-Ei ^ 

t^o 1 ¥ElTf#3l-2-EH^-Hl, -f}-*}^, cDNA mRNA)S 
^l^s -fr<y*Rr ^ $14. >te°lH m^*}jL #3 

Tr#e^B]-oic^ a^^c] ^ivfloflA^ ^^-^<y ^-fr 3-51^4-. 

*r 7}^1 ^Efl^, £ ^-^ ol ^i A>o]^ S ^^^. .s^Rr DNA# ^1^1-71 

mt-^ ^ ^e^i- 

«11 Afljc-g. ^l^W. ^r^^H ^3 ^7><^ <#Eflir Aj-oj^ 

3*3 *H& -fr^l*r» ^^S^ ^1 El ofl £.<g*H ^2:^" ^ ^E] 

1- ^l^fi, ^ «]E^# o]Al ^j^ofl ^A}^ Hfl^rJl, Wfl^l-S.^-El A>o]s 

S^^ol sj.*^ ^Wl- *H, A>ol^s.^ £ ^ a Hl^r °1 
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<r 5U4. ^e^ *}7 r ^I*>7li4 ^ DNA°1] -f-^& <r «iEi^ ^ ol^i 

^AV^ ^ojj A>Ol^^^^ £ ^ ^ Ol^l yj.^- 

o)a o >o] x\<g£ S.-Q^rT}. $-o] HS£Ej , (enhancer) ^ 4 

^^(constitutive expression)^- 4 4 ^r-^ ofqe]- S^-^-o]^ 

^ ^ ^4 ^ A^ofl ^ o^rf. £ Mj^o] 7flS^- «3]E^ O] 

^ ^ mV2] ^ -ff-^H a}e»^ o_ S ^Al^ ^ olcf. S. 

^^_-ol^ S ^ Jl4l7> ^-fr o^ fl A>-g-^Cf. 

-S-^ofM 4-8-*}^ w>^tr ^fe- ^He^ ^e^o]^ 6\]m. o)^-^ 

y>oie^ 7 |- ^fslcf. wVo)s^ «J]Ei^ Uf^-o) 7l^# ^^flc^Cl-: (1) «3]Ei^ 

^ XW 6 * o]«fl rcj-e}- 3^ ^ ^ ^]7\ -id 

^4°i°> *tjl; (2) -fi-#*Hr aj^tr 7l# *fl3E°iM ^ <& 

Eii; JC, SV40, l-^^>, °\$] ^w>°l ali^ ^wHr^Eii; ^^E)-^]-t)|-s ^o] 
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si^(EBV); j±wK! 4^s.°> wH^i t%<$ KBPV)^ ^ sj-^n} 40]^^; «j]a1u)<5> 

^lB^, ^ll^li «-nAiqo> ( 5)lE SW >oie^ )( eji^ofl DNA> 

i-n-^l- RNA I-eH^M^ ^^>ZL a|-o]s^^^ ^ ^<g.g- mRNA 

3- *HK3') 7flA]^ ^ ol^ DNA A^^ O^- ^ £ 7 >^>4. £ S £E^ 

^^^1 5' e^*H 9X1= ^} 7flA] * 7flA} J^o] ^. 

"^l 25 ifl*l 307fl^ <^7l^ ol-g-^ XATA ^cf. TATA ^5}- 

HSEEl^ o. S tata 100 2007fl <*7H> ^HHl o^j 

^ ^ HSSE] Ail- ^-fhth}. ^ HS£E1 i^H 71] A] 

^SlJl ^ #al ^|7l nflg-ojcf. ojo^ ofl S ^ SV40 

El, n}-fi -fr^ w>o]e^ LTR H^£E^, oltili^j-oj pflo]^ ^7] n S£E j ^ 

«)1^3tj]^ ^jfsJji ufoje^ ^s.s.e-1-I- s. ^ oicj-. 

aflj^, AH-^^ -fh^rl- T7 ^ «]Ei (Rosenberg, et al., Gene, 
56:125-135, 1987)^ £o] o}^ x)^*}?)] S^^r ^2)o s ^a] ^ o.^ 

*) iH^ v ^ ^-<y^ a>o] #S .^^ -B-^o] Oj:^ ^-cf 
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Shine and Dalgarno, Proc. Natl. Acad. Sci. USA, 71:1342-1346, 1974). 
<92> o. s ,fe°fl <^ oi^s]^ ^ SeK^aJ- A 11^r «fl 

^- M 3-^3) 3'<H1 3*]^- ^^H, °H tCf^ hss.e^ A^sq- *J-*fl i3<3 ^ll 
^tr^r. ^ mRNA^I 3' -^-^ *fl^ ^ ^o^l^SHl o]^ ^ 

^€4. ^ E^]t|lolE^ ^ #3<>r3N3- Aju^ ofls^ SV40^^-Ei -ff-efl£ 33 -g- 

(electroporation), Ji^polybrene) *fl7fl^ ^g^^, 

(protoplast) -§-^, 45L^1 #^TrM-2-4°l h. ^ DNA* 
"Hl^r7r 5£f-€4. 

^ &4. «l-7>7> ^5L^r Afli -R^* 3^*1 ^Al7lZL AH#5.^5L^4 £^ 
^^Wll- 4-§-*M o]Al^^. Af-g-Slfe 4^ Aj-^-oflTl] ojAl^^ X[Q *\}S.o]x^ 

*m°-3. -£^M]£. (parenchymal cells), ^ T^aJ 
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Stfls] ^l^Curoendothelial cells)(*fl^ ^ -S.S.^ ^S^fll- ^^-), -f}-« 0 > 

-R-oMlS), ^ 71^-^^S. ^ 

^ Sitf. ^ eS-Afli(myoblast), e^-tfl^Afla ^ *l^(young) e 

^-n- ^iliS. ^l^^l *1 (myogenic) *fl5L» i^&cf. AflJLfe 

^ 4i°l7iv4 ^7} 71^ ^#3*1 7)^-o] «ojs]ns. 

. ^AVsj.^^ ZL ^-ff- 7 > Ipt*} *H^*1 g^nV, #£-0^ CsA^l 2] *fl -fr*^ 

*fl, DFOMCc-ll^l^-A}^ ^^eilolE) £ i=. He)^(Trion, 4,5-^^1^^1-1,3-^1^1-^^ 
£ 2:^#£r «J-^ol A>-g-^ ^ ojt}. ^5 s.^ 

■& ^^1 ^-fr^fe- 7flS^- ^ «1E^ Jr^O] DNA J^rg*. 

^«V^ o.S <9 0.05 mg/kg ^= 50 mg/kg, ^= 0.005 ifl*l 5 mg/kg°ltf. HB^uj-, 

SH^fe- n}9\- ^o] t o) -g-^ ^<*| ^ ^ ^ ^.j- -4 

71-34 



1020020069822 #^ 2003/7/19 



-^-a>^s tifl^-s}^, tifl^S^ ^ A\]S.^ 5)^^ «H, ^>°1 

°]}% 100mm ^4=1 (pe£r/ dishes)^ *1 °H 10*(v/v) ^ ^ 

^4=1^ 80% ^£ # nfl A)|5* 1:3.2.3. Afl3.£ t^ofl ^^-tf. 

<100> tifloj:^ Afl£,fe v\°]3.3.^]6]e]] ^ SEfe t&n&n^ SE «l^*fl-g: 

*H al^> ^-B-» #*fl t Si^KHansen, et al . , Austin, Tex.: R. G. Landes, 

1993; 96-106). *1 ^EflS^, 7>\3:§ ^ s>ol t= ^.;g,g- *g>£§ ^ 5U^ 

^aJ-o] ^-o]^ ^ oj:o]^-4 7>HIAl^ afl^W. ^7lv)lolH oj*] AflS 
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<ioi> o]^^- <^fl 4S2f SH-E-S.^ ^tb4. 

-fr7l JL-gr^K^ HLtt ^)7> o]4- HL^ ^-*fl 7>j3L«H # 

#^o]-a.^eflolH SEfe £r£ SE^b plH 7>m^^ 1;-^. 

^MCPluronics™ Stt Tetronics™)» 1" 4 s $1^. #€Sb 2]iL^4 ^ 

<102> ti}^^ *fl3E. ^o] °3-^T}. JL^r^Vl- Jl^-x} 

« ^*Rr <^1# 1-^ ^lvilolB^ 0.5 vfl^l 2 «>^*>7flb 1 

f^%3 ^£3. pH3 ^-g-^, «}^^>7llb 0.1 M Si-S^M- -§-^1 

3^7} o]^i ^ofl Afl3L7> m^M^H 3^*M #<>fl <IH^ 5*51^- ^«r* 4 ^ 

o^fl -fj-O^l-JL, JjLS^o]^, ^A>7V%-tV ^»H<>t 

«V^t!: ^sfls^, #e)^>oi = 2fo]s. , Sel^.s.s.ofl^Efls., #e]^EAj. ( 

w^j^ ^sjtf. Wl^-tfl^ # ^ol 4H^it *|^*Kr3l ^-g-^ ^ ^ 

ofl^^i oHiEfloiH, #rq«i^ <£js*2l -fKE^ll, Efl#^ ^ q. 
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^■S-, ^>7>5.s, 3 o}tq-iq, #s}^i i, ii, in, iv ^ v, 

-i-£)-oli2A)-n]^Em ^4 ^ 2]4*H #7>A]^ ^ 

33- ^ x]g_6\) -B— S-«r»H ol-g-^ ^ 01 cf. 

-M^^M 3t!r 3^ ^ t!-3*Rr 3^ ^4. ^Hlr^lM 37fl 

El-EflH^(Student's t-test) ^ (One-Way ANOVA)^: °l-g-«H M £ 

^t^l ^^-o] ^ ^. /^o.05l- -fH9* 53 AS Ji5Sh=k 

<ioe> e>7] ^Al^ofl Aj-g-s} *fl^- ^-o] o^^tf. ^yfls ^^sj oj-g- 
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wfl*](Dulbecco's modified Eagle's Medium, DMEM) , °1# «fl*l 

/F-12(Dulbecco's modified Eagle's Medium/F-12, DMEM/F-12) , Eflo} ± , ^c£\ ^o> 
*1 (donor calf serum), eli^O ipofectin) ^ G418£r GIBC0/BRL(Grand Island, 
NY, USAHH 7-<$7>}<%5l, Ham's F-10 «fl*l , #^711^1, L-^l^^H^ 
(L-phenylephrine), ^rt^HKcatalase) , 2' J'-^tS-Stf-^.^^^ ^Hl^HS. 
(2' ,7'-dichlorofluorescein diacetate, DCF), 3,3'-^ ^^-a}?}- 5.^10]-^ r}ol:= 
(3,3'-dihexyloxacarbocyanine iodide, DiOC6[3]), 4,5-^^>°l^-^-^-l,3-^!^l-^^-g-^ 
(Tiron) ^ til^-S-Aj-cl ofl^eflo] je (deferoxamine mesylate, DFOM)^ Sigma Chemical 
Co. (St. Louis, M0, USA)5.-^ ^o^^^cf. AH-t^^ A(CsA), FK506, 
°1*J * 3 II(DEVD)^ Calbiochem(San Diego, CA)^-S,^] ^^BS^r. 

^l^Mdiiyogenin), MRF4, P-^H, c-myc^l cfltr *J-^l#-8r Santa Cruz 
Biotechnology (Santa Cruz, CA, USA)^fEi ^^rS^. ^><^1#S^^ A(CypA)<>ll 

Upstate Biotechnology(Lake Placid, NY, USA)^^ ^s^cf . 



<107> -^a]o}] 1 

<1 °8 > CsA, FK506 ^ ol^^H-Alo} ^a]^^ £I^Jl^ ^*fl 

<i09> CsA^ f^l ^Al^o.^. ^7}*Hr ^l^Ccalcineurin) ^VJLi 
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<>^H sjsfl -H-^cfjl *fl<?M- SFS 4 (Abbott, K. L. et al., Mol. Biol. Cell. 9, 
2905-2916, 1998; % Friday, B. B. et al . , /. Cell. Biol. 149, 657-666, 2000). °| 
41, ^7}^- ^<^1*)1 CsA, FK506 ^ o]-isn>olAiol °|^Jl4i %^°fl 

^j-^cf. H9c2 3^ 43^ eS.4i(°Hsm Ef^J ^^^(ATCC), Manassas, VA, 

USA)# 10%(v/v) ^ 1^4 ^&Wd^& G, ^S^S^M^l * oj- 

ie^Al B)ol ^7]-S ^7}^ DMEM/F-12 «fl^[^afl^l (Proliferation Medium, PM)]«fl 
-fr^r^. #7] eS/fllfol -g-^ nfl l%(v/v)^1 ^ 1^ (horse serum, 

HSH ^7>S ^7>^ DMEM/F-12 wfl^UM^*! (Di fferent i at ion Medium, DM)]^ -frS 
*\<%^. DM°fl 'S^^^l^l CsA, FK506 ^ o^^pfolAl-fi- yj^yj- i%7\?sV 3f. H9c2 ^ ^ 
# efi^lil- 2^ ^<L> Hfl^r^ ^Itt^ <y^}JL^ ^r^r^^r. DM£ 2 

<m> ^a]^^ ^VJl^ *^^r ^4 =%^r534. -#7) Bfl<£tr ^S^lil- 1 

ml 3 H^^l-EDTA^l S.£r i}-g-, ^a]^ ^ ^-g-^n (BioMol , Plymouth Meet ing, PA, 
USA) lOOm^ofl ^a} &n*\?]JL, BioMol Quant izyme™ Assay System AK-8041- <>l-g-*H 

Sl-JK free-phosphate)^- D M1^7> JgJfr ^7l(microtiter-plate reader H><2] 

0D 62 0nm°fl^ ^«rSaCr. 2*1^ ^ *«7^ >*flS. 

(serum-starved cell, SF)S. &^$-*}<%z} . 
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<ii2> $jg t L-^l^^lH^CL-phenylephrine, PE)°.3. ^a]^ <?}>S-Jl^ ^v^}7} 

^*H, DMEM/F-12 wfl^l vflcq >*fli*l3)-§- 4 x\# -g-o> *fl7it!: 12^71 

^°Jt PE» *)^}<%^. ^^1^ PE1- ^7K>7l 30&&«\] %7}*}<&V±. o] 

^ PE ^It?^ °J^t ^f>\%t\-. 

<ii3> ^-7ltV ^-^-S ^a]tt^ £ 1*1] ufEj-ifl^rf. £ l^ 

^ 1^ ^171 12*1 TV ^1 ^A]^ <y^>jLi: #^-g- 71^ #^5. 

<114> £ 1S-»M ^ 5£^-°l, tfls^H DM ^ PE«^1 ^*fl -^-S^ ^Itt^ <?1^;Jl^ 

«-^£r 7l^%^ofl Z}-Z}- ^ 2.1«fl ^ 2.7«fl #7>5]^Cf. ^7>^ o]a> 

jLdh c^*V ^cfl«l^ ^^Jl4^ 2.5uM^1 CsA, lyM£] FK506 ^ 20nMSl 

1- ^*>7l 9uM^ FK506 ^ 200nM5] o^^o] a1 A>-g-5^^rf. 7}^ Jl 

tfl^ ^Ml^^l <*M1 SL^m tfls^-AS. ^^^^.S., CsA, FK506 ^ 

71^%^^^ o^*. 

e^^- ^ A-fli^ 1 !^ tfltb CsA, FK506 ^ ^ 
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<117> 2-1. ^ ga^a^ e^gHl tflfr csA^l ^ 

< H8 > CsA, FK506, ^ S n]-olA] ^ SDZ NIMSllol H9c2 ^-sj-^l 

°<^* *l*l*r*l S4^^4. SDZ NIM81l£- ^l^ffl 3*11 &^=r CsA -H-a>#^o] 

<H9> H9c2 3 CsA, FK506, o}i^*H4l ^ S DZ NIM81l7 r z]-zj- ^ 7 >^ 

Hfl 0 ^ ea^lit ife^S ##-2.^, M>l|5.fe PlHM fif 70% 3ESH3# 
(confluency) ^ ^Hr^rS! 1 }. 
<i20> 5. 2aS.^ CsA Stt SDZ NIM8113. ^e|tr ^-f^^r eS-^^L^ *h#£)ji 

^7} ^^^1 *>*H, FK506 S^r 6>^^p>o]a1 o.^ ^ &) *V ^ofl^ 



a*V, ^ ^-71 (myogenic) S^l*)-<£ *lJMVKmyogenine)3r MRF4^ y A^ 

^ ^*>7l *fl^ « ^3*}$!^. o^O. 

*i3?r SDS-PAGES. £-eJSH MHilt^ 3-3. #7^, 

^-ir ^]^^ l*> *l-M\d(myogenine) ^1 ^ #el#^ MRF4 ^> 

^11) (Santa Cruz, CA, USA)^ «]--§-a}^ji o]o]x) 2 *\ ^Ml(l*r *J-*H#*]7}^tr J%^% 
3l«V-§-jL4i« ^-B-^: IgG-HRP) (Santa Cruz, CA, USA)«f #-§-^4. 

3 o.s ECL-plus ^-^^-^(Amersham Pharmacia Biotech, Piscataway, NJ, 
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<i22> £ 2b^^ ^ 91^ *M , CsA g SDZ NIM811^r lpM^ ^E<*IMfe ^ 
^ol ^^11-, d| ^EoflA^ i£*}*V ^^11- £1534. FK506*r 4i3P}ol 

^l£r <8«- 

<123> 2-2. 3 a] ^ ea^lla^l ^jE^CapoptosisHI tflfr CsA^ 

<124> CsAS] tfltb <81N- flSH ^ ^ M«-4J(In-Situ TUNEL 

assay) ^ DNA £r€(DNA fragmentation)^: ^-^^V^ 1 ^. 
<125> CsA, FK506, o>^^n>olA] SDZ NIM811S zf DNHH 72*1 7j ^ tifl^tr 

H9c2 tr JEt ^e}o] je. S^-ofl <g*]ui, 1% ^^#^^^1 = 5- Jl^tr 

ApopTag Fluorescein In situ Apoptosis Detection ?lH(Intergen, Purchase, NY)-i: 

<126> ^|17} ^ViSM S)^ DNA7f <a£Tf#5ll 0 Hl^l ^"-g-a- "c^M 180~200bp 
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DNA ifflS. M-B^i^-Tfl Slfe-cfl, ole^ DNA A>cf^§ 3fl^(DNA laddering pattern)^ 

^-fr ^*Hr DNA £^3.^ cf^-uz)- ^ o.s. ^Ul^rS^r. CsA, FK506, 

o}^s*H4l ^ SDZ NIM8113. ^Bltr DM°il 72*1 ?I ^ afl^tr H9c2 eS>1|i#-§- -§- 
^-8-^1 (50mM Tris-HCKpH 7.5), lOOmM NaCl , 20mM EDTA ^0.5% SDS tMB<*M -g- 
Sfl*}^. n. t^, *\}2. -g-*fl^# 50fig/ml2\ RNase AS 37°C<^1^ 2*\Z± ^<?> ^ tr 
^, 500^g/m£^ KS. 55°C°1H 2*12- -^<J> ^e)*>^cf. DNA* 3flfe/#^5. 

3E# y J-^-°5. ^#*r ^, 70%(v/v) ^li^S^r-i-S. ^sH^jI, oil- 15,000rpmA5. 15 

^^]^e]*H ^ ^*}-& TE 3H^(10mM Tris-HCKpH 8.0), ImM EDTA)<^1 -§-#*}5$ 
cf. DNA^r 1.5% tr€ ^(agarose gelHH ^l^fJ-i- °l-g-*r<*l ^*>^^f. ^ ^ 

£. 2c ^ 2d^- t f-Ei CsAQ SDZ NIM811^1 ^tb ^lS^^^r -g-^M 1^<MS 
FK5064 o>^ S u>olAl^. ^1^41^52)- :&^oj <y- ^ oicf 



2-3. gLg] ji-;* ^ ^ ^l^^l tfl?V QsAg] flS 

H9c2 eS-^life ^rSj- ol^ofl i^^l^ ^ ^£ 

>M|5>1M 71^*1; ^ojcf. nj-e^, ylJ2# 4<y^ Spr ague-Daw ley #3 

e^Mi ^ e2.^1i« °l-g-*H CsA, FK506, o^ia^o] a] ^ SDZ NIM811^ £-3*- ^ 

4<^3 Spr ague-Daw ley 3^ a}*] g-Bj^ ^Tfl ^ ^, 

«flJLii(collagenase 2000 U)7> ^-R-^ 37°C^ -*f*]^ DMEM/Ham's F-10(l:l, v/vHH 24 
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^o> wflo^^rf. z\4=- ^£-s|3. Xfli# 3.-8: -f, 10% -?-£flo> €^ 1% 
^-^K^^ G ^ B )7> ^-fr€ DMEM/Ham ' s F-10 (1:1, v/vH t±X\ ^ 

*}<*| CsA, SDZ NIM811, FK506 ^ o.s. 4^ *13tr DMEM/Ham 's F-10(l% 1 & 

^-frHH 72*12: ^<?> yfl<£tr t)-g-, #71 2-1 ^ 2-2*IM*>r ^SLS. 
Efl^j-^ ^--i ^ ^ DNA ^r^*V^4. ^ £ 3a ^ 

*1 £ 3d^l M-E}^^rf. 

<i3i> S. 3a ifl*l £ 3d^-¥-Ei , a>^1 ^-Bfl eS-^JLfe- H9c2 es^i^r -fr^r 

<132> #7l*l ^41"^: ^t^C. Abbott, K. L. et al . , Activation and cellular 

localization of the cyclosporine A-sensitive transcription factor NF-AT in 
skeletal muscle cells, Mol. Biol. Cell. 9, 2905-2916, 1998; Friday, B. B. et al . , 
Calcineurin activity is required for the initiation of skeletal muscle 
differentiation, /. Cell. Biol. 149, 657-666, 2000)^ ^2], -g-s)- 43 %*1 

<i33> 2-4. e^-^-g}- 431 ^<?> csA7> ^aa^j^a Hizl^ &a 

<134> ^7l( m yogenin expression)^ e^-Sj- ^r^* S-^tr £3* ^7l(MRF4 

expression)^. ^l*j£]7] , ^7^ e^flX^Hfe CsA^ ^Jl2}-7} Q±.% 
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on- e^-^s}- ^l^s. csA7> * -Mia^* 

DM°ll -*i AH£§ 24A]7i, 48^1 ?_V ^ 72*12; tifl^fe ^Efl^^ 

4% v ^cK H €41- £ 4^ a, b ^ c^l ^-eH^t}. ZL £}-g-, z}-z]-o] A|iofl io u 

CsAl- ^s]^ 72*1 # ^o> ^ yfl^jL, ^Efl^ 4#*>5!4. 

°1 14tt £ 421 d, e n ^ fS. 



£ 4S-?-£] e^-tfl^-^li( my otube)7l- ^^s]7l # &7\}91 24^1 7J- ^ 48*1 DM 
^3 ^-*j JL4-I- -a^l^l^Ca, b, d ^ e ^S), 72*1^1 e^-tfl^li 

#(c ^ f CsA =-^<H] ^^-i- iL<^*1 M}£. ^r^ ^Bfl*}-*} ^^-1- iLo]*! 



<137> ^*H1 3 

<138> ros ^-i- ^ Afljc^ -ft-JE 



3-1. CsA°fl 3?> R0S3 ^ ^vgj.^^. RQsoj ^ 

PM ^ DM^l^-i H9c2 ^ 24*}?} ^91 wfl^t}" 4s ^-^^ZL, 37 

lOuM DCF(2' ^'-dichlorofluorescein)^^ 20£- ^ afl <#^n}-. Q ^ pBSS x 

s) *flaj$ tf-g-, 800m^ PBS^l 4*1 -'Hf *1 ?1 JI , -fr^^^l (f low cytometry; 

FACS)S. R0S(Reactive Oxygen Species) <#^g- #^*}<*| tfl^-_os. *}$t4. zl 
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^-b-, PM-§- DMAS. ^dMi, 10 p MSI CsA IOiiM^ SDZ NIM811# ^&)*}<^ 24*1 

o> Mfloj:^. ^ ^jcifl R0S°J=* -#7HH2}- -g-lJ^-Tfi FACS ^^^O^cj. z E ^. ) 

CsA# *1bJ*>71 30^-*H] 0.4mM^ DFOM(deferoxamine mesylate)^ 2000 unit/m^ 

$7}-s\jL, lOuM^l CsA# ^7>^>c^ 24*1 # Bfl^ ^, R0S°J=* #7l 

^l^i^ ^^Tfl FACS ^^.S #^*V$m. £ 5a<^l 14^^. £ 5a°fl 

*i x^}b ROS #21 ^Ql^Vcf . 



£ 5aS.^-E^ DM^]^ 24*1# CsA ^ SDZ NIM811AS. ^e^tl: ^Mlfe 

^ ROS^o] z]-z}- 680A8 ^ 634d20°.S ^BjsW DM 6 !] *) wfl^tb ^li^l 

ROS^q- 5Hfl ros ^^o] ^^cgrKs 5a^ c ^ d 5E*h DF0M ^ ?ff^ 

^l^ W CsA* ROS <&°1 z}-z}- 73^2 ^ 56^5. * 0 M>2Ml7} ROS^l $ 

^* ^lWc 3* ^ S^CE 5a^ e ^ f 

3-2. g^gb^Lg] dL££=^ 

*>7] 31 10 uM^ CsA, 0.4mM^ DF0M2J- 10 uM^) CsA ^ 2000unitM^ ^^eHl^)- 

10yM2] CsAS. H9c2 e^li^l ^Efl«|-^ ji , /fli ^-M- 

£ 5bS.-^-E| ^H+sMl^ CsA^l 2]% M}£.±^^B] ^}S.Mr $L3.lk ^ 
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<145> -*JAH] 4 

<U6> CSA--8-3E. AfliE^oflA-l Bax/n}£^S.ejo> 3(caspase 3) ^ ^ 



<147> 4-1. ±± ML #?1 #^3 91 Bax^ ^ gfcj] 

<148> 9 uM ^ FK506, 200nM^ o^a^H^ i ifl*] io u M^ CsA» ^-fKRr DM ^ ^ 

DM(tflS^HH 48^m ^<?> afl<£^ H9c2 *r-8-*M A <M 

^Hl 2-14 ^^t}. zl ^*H=r £ 6a^ 

<H9> vE*y t ^ xx\^ ^fl^tb Bio-Rad ^s^eK imaging 

densitometer)^ ^^>^^-. zl ^fe- £ 6a^l ^ofl M-Ej-ifl $ . £ 6a^ s> 

# -^^H, tq-tfl ziEflH^ ^#^r ^e)tr ^5:^4- wl^^* nfl Bax 

tifl(fold)^^ ZL2flS5|-*l: 

<iso> £ 6a5.^t\ CsA ^51<H1 uH^H Bax ^ ^-g: ^7>a1^o_M- FK506 ^ 

c^^olAl Bax^ ^ofl ^*>4fe- ^* *r &t=h 



<151> 4-2. nm^glo> gfc ^3UA<P,n) #^ 

<152> 9 U M<2] FK506, 200nM£] of^^o] a} i ^x] lOyM^ CsA# ^-H-*>^ DNWH 

H9c2 ^SLM}S.m 48*}Zt «fl<£tr ^, ^5£» 37 1C , 40nM^ 3,3'-^ ^ 
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2.^7)3. v)^^o\ ^ ^(AW ra )t ^v}^. PM ^ DiN*| H9c2 e 

S-Aflil- 7fx]ii A tflS^S. ^ £ 6bofl ^vfl^cf. 

£ 6b«lH ^ Sl*j| 3X13.^ ^ DiOC6[3]^ ^ 
*fl DiOC6[3]^ ^lS(with DiOC6[3] content ^S. 

^€ AW m t ^"fe eS-^lli^ 2]^] HI- 

<i53> £ 6bHH 4 1 «>4 DM^Il ^-i ^ A^ m ^ ^*itr ^*>7> ^s^jl, 
CsA *|sH ^«fl Hl^l«fl^i AW m 7}t-^ ZLEjq-, FK506M- ^} 



<154> 4-3. CsA~S-£-^l3L^^ g] ffc^ghJ 3^ 7|<^£ ^ 

<155> H9c2 e£4lf CsA, FK506 ^ c^st^o] a]o] z}-z}- ^r^g DM«1]*HH 72*)Zt -f- 

wfl°<M ^f, H^t^ -2._2.= (propydium iodide)^ ^^Jl, 
FACS( fluorescence-activated cell scanning) ^r^*>^4. CsAS. ^B^} 

7} 30£*H 50pMSl ^4^11 3 ^^11^1 H^l DEVD*- ^e)*>Jl ofl til nfl <&-g- ^cg^ z}- 
4^ tifl^^AS^-Ei 20, 0007fl ^ Afli* Tfl^t!- zjzj-sj Afla^7l(Go/Gi, S ^ G 2 /M) 
^H*! * sub-Go/G 1 ^(^, Afli^ ^Bl- ^*r$! 

4. zl ^# *r7l 5. H M-eHI&t}. 
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<156> [s. 1] 







^ | 


1 % Gq/Gi 


%S 


% G 2 /M 




CsA OuM 


86 d3 


3di 


4di 


10 d2 


CsA luM 


63 i4 


5fl 


3dl 


21d3 a 


CsA 1 u M+DEVD 50 yM 


76 


4fi 


3dl 


15d2b 


CsA 2.5yM 


62 M 


3d! 


2dl 


36d4 a 


CsA 5yM 


44:6 


2dl 


ldi 


55d3 a | 


CsA 10 uM 


20 ii 


ldl 


2di 


78d3 a 


CsA 10 u M+DEVD 50 yM 


35 ±1 


2di 


3dl 


60i3b 


FK506 9 y M 


83 d5 


4 da 


4dl 


lld3 


o(-i5iD|-o|A| 20 0nM 


85 d3 


2di 


4di 


10:8 


a: 3|i£^(0yM2] CsA)3f n)| , p<0.05» -ft-sl^ & \ 



i^^* ^7>a| ?1 n> FK506o]i4 o>^3p>o]a1^. ^S>ttj ; DEVD^ ^li^^ ^ 



<158> ^AHl 5 

<159> CypA^I IKJ-s}- 



CsAofl CypA^I ppiase ^^1]7> <*MH ^sfl -fi-s.^ £-3* ^^0] 01 

^7>2] §.^54. CypA^ sq^-fr ^ CsA _o. £ s-^o] sj-j^ - $U£^ CypA ^ 
^17> R0S JluZ)-# afl^- ^ 7 >^ i?^^J7^>, ^ CypA -fr#*> ^ 
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<161> CvdA &3*AZ±. ^S. CypA/wt^ ana 

<162> ^1-7)^ =^o]^§ A>-g-*H RT-PCR^: ^*Rr ^Jofl ^Sfl ^ o)a^ CypA 

cDNA ^^s>^cf: 

<i63> 5 ' ^MGCTTACCATGGTCAACCCCACC-3 ' ( 3.$) = , Hindlll ^[^#] ^ kozak 

<164> 5 ' -GCGGATCCGAGTTGTCCACAGTCGGA-3 ' ( &| *H rii H^H, BamHI -¥-4K^#] £.*t) . 

<165> o>^ CypA cDNA ^.g. ^ ^s-^- i^-*Kr c-myc tag #^#4 

pcDNA3.0 ^^^E-Klnvitrogen, CA, USA)^flS. #€-^1^1 °] 

7}x]5i ;fe<M<2l xl^A^] xr)-^ 33^^ o}-g-*>^ H 9c2 -ff-#*}- ^ 

^, ^ ^ G418(200//g/m*)-i- A}-g-«jj}<*| CypA -^7}7j- ^ #<*4g 

4£ CypA/wtS ^^>^cf. 



CvpA-PPIase g^j ^ffol AflS CvdA/R55A^ jflS 

^r>7l^ ^£lzL^-#Efl^E}oli=^ s>l|~I- l-^^o] (mutagenic) iB}-°H(He)- 

°Hf Ir^lfe ^#5. fi^Ds. A}-g-SM PCR^r 55 i£ ^*HH o\= 7 ]\* &7] 

7\ #713. ol^ 7 >^- PCR <£JL, o] A}- o. c^a pCR ^o.^ nfl 7 } 

= eM"Kmegaprimer)S A>-g-*><^ #^a]^ 55 w} ^*HH o>5 7 l\l #7l7> <£eHd #7} 
3- ^31 l-^^l cDNAl- ^2:^}^cf: 

5 1 -TCCTTTCACGCGATTATTCCA-3 ' ^ 5 ' -TGGAATAATCGCGTGAAAGGA-3 ' . 
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<i69> # 7 ) f^-^J cDNA 2^1 i^*}^ c-myc tag #^#4 ^-^ 

pcDNA3.0 3L-B-^-# t^tHlnvitrogen, CA, USA)vflS. #^1?J t^g-, o] ^^1- 
7>^1jl $]&<£t§9] *141*W ^^gn^-g- oj-g-s}^ H9c2 ^^5L^li°fl ^r^\ ^ 

J f, ^ G418(200//gM)^8r *}**H CypA -R-#7>7> ^ 

€ M]S. CypA/R55A# ^W^^K 

<170> CvpA-PPIase j^jgLg] *H3. CvdA/R55A£) *H3: 

<m> t\7]s] ^ji^i]}SL^o]B.^ *}i4« -fr^ (mutagenic) He^H(S£j. 

1-^Itt ^#3. £*1)B A 1~§-^H PCR# ^*1*H 121«i $1*HH B^S^r # 

71 7> Sfl^^e}^ # 7 1 S ol^7>^- PCR <£jL, O] A]--^ cf^- PGR HV-g-ofl 

>H n)l7>H5} 0 l^(megaprimer)S. *H*-«H ^#^1^ 121^ 3l*HH B^S* ^7]7|- 2)1 
^«£eKl ^b7lS £31 ^o]o) s-cg^o] C DNA# ^2:^^-: 

<i?2> 5 ' -AAGACTGA6TTCCTGGATGGC-3 ' ^ 5 ' -GCCATCCAGGAACTCAGTCTT-3 ' 

<i?3> # 7 ] l-^^ol cDNA ^1 Bf-*>^ c-myc tag #^1-4 ^1 

pcDNA3.0 t^B-Klnvitrogen, CA, USA)^S ^-0-, °1 iHa*)^* 

7}7]JL nZi'S^S) *1^*H ^i^* °l-§-*H H9c2 ^e2-^l5L^l ^ 

#<*X\iQ Jf t i&Tg ^o> G418(200^g/m£)* ^}-g-*H CypA ^-^}7\ ^ 

^ 4£ CypA/W121F# 
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5-1. &Mo\ ] CvnA W *rt 

^7)s\. £o) CypA/wt, CypA/W121F g CypA/R55A«*1M CypA^ 

c-myc^l ^j^o] ^ CypA^l a}-8-*M # 7 ] ^ofl 2-1^ 

*\ ^^(iinnunoblot)<>lJL, Bio-Rad t&a)£,v\t%& a} 

-§-«H ^3.*), CsA c-myc ^ CypA tflS^s}- t,}^ 

£ 7a£.*ftf CypA/wt 2.-^ CypA/R55A^ ik^S: CypA^ <g^*flifl -fr^HH 

7l<?]*Rr 71^ ^3)- Hl^>^ji CypA/W121F^ ^ ^f^- 2«fl H^Rr ^ + 



5-2. wB7>Al?Krinnhling time) 

CypA7> Afli^l f^H <3^g- ol^l^l ^-<?]*}JL7> #7]^ ^o] Afli 
CypA/wt, CypA/W121F ^ CypA/R55A^r ^(trypan blue)S <g-a^ *<H| ^ ^ 

£ 7bS,^-B\ t].o^ CypA ^-M^ ^£5] ^Alofl ^ej=o. q^ g. fe q. 

53 # ° a v ^ 5^. o)5LifB\ CypA^r f^^WH 7l^# y}*}*} &^q^ 
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<180> 5-3. CvpA gfcJ^Mg] CsA^- M Stt CsA &s\-7\ pfl ROS ^ 

<isi> CypA ^H^l CsA^}- IN Sfe CsA &<>1 *H ROS n l 

*|^*} o^^s. *#^SLsL CsA-& ^ DM ^ CsA 

10 uM^: f-B-^l-Tr DU*\)*\ CypA/wt , CypA/W121F ^ CypA/R55Al- ^4 Hfl^tb ^ , AA$\ 
X\}3.% 37°C^ ^:3£^H1 lOpM^l DCF°1] *\ wfl 0 j=^^4. 4^-, PBS 
5. l£) ^, 800ra£ PBS^l 4*1 3-, FACS sjsfl ROS ^R3*> 

^I^Hr £ 7c^l 444 $14. 
<i82> £ 7c^f£i CypA/wt^ CsAl- f-F^M DM CsA* ^-fr*}^ DM°1] *\ ROS 
4 s *"!* #4^1314^ 33* ° a v t 544. 5Eth CypA/W121F^ CypA/wt J± 4 4 3^ ROS1- 

^7)^%^, o]^- ROS 7 >-g- CypA ^4 3}^*} ojg. <£:£o] 

AlA>tV4-(^ v 7l 5-1 #20. ^<fl CypA/R55A^r ROS ^ A 3# -fr^^Wl ^4*1^ 

til, o]^ ppi aS e ^o] ROS ^i^l ^<^4-cr 3* 44^4. 

<183> 5-4. CsA ^ fo O ? ^»<>1 *flS^jlg.-¥-4 *\}£_$1 jljrofl 4*1^ 5.4 

<184> CypA/wt, CypA/W121F ^ CypA/R55Al- DM°114 72*1 # -g-^ 10pM^1 CsA<^l ^#4^1 

4. 5&th 44^ ^15L# DMEM/F- 12^1*1 12*1 # ^ 300 pM4 H 2 02°ll i^#4S4. =1 
4*, *fl3.4 ^sj-g- ^2 £ 7d«^l 44i-fl$4. CsA 

^ H 2 0 2 °fl ^4 ^li^l- ^15. ^#-8: 31^534. °1 ^4-b £ 7e«fl 

71-53 



1020020069822 <^*}: 2003/7/19 

W 9X^\r. °H, 4i ^#£r CsA ^ H 2 0 2 °fl -Ml 5. 2-7} *\]Z. ^ 

<185> 5L 7d §J 7e3L-^ CypA/wt^ CypA/W121F^ CsA £^ H 2 0 2 °fl ^*fl -fi-S^ ^idfc^ 

S^-Ei^ ^llt iS^n]. ^sj-xV^A^-^-Ei^ ilfH ^o c j i CypA/R55A^ 

R0S°fl ^tb ^M^l^r ^ o. ^ ftt±. 



<186> 5-5. Bax^ tilJa 

<187> 5_46)l Ai<4 ^oj^v wj-^o. s o.^^ ^ ^ CypA/wt, CypA/W121F ^ 

CypA/R55A# CsA g H 2 0 2 *)1 CsA SE^r H 2 0 2 °fl £]*fl Bax <£-§- 441 

^-tflnsfl^ -fr^^> ^ Bax ^°J=* CsA ^e)^ MOCK -fh?l*} ^ 

^•fli^ Bax 

<188> £ 7f^Ei ^ M]SL% CsAofl 3 CypA/wt ^ C ypA/W121F 

^ Bax 3*flS>$|JL, CypA/R55A^r f^M^^Hr 3i-g- *r &tf. ^, 

-frSl*} ^ ^]lt H 2 0 2 S. ^Bl*>^ ^°)}S. ^ ^# -£34. 



<189> -M^l^l 6 

<i90> e^-g-sHH CypA-PPIase *^ 



<191> 6-1. g^gjfcgj ^Bfl^j ffgj- 
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^r-g-SHH CypA^ ^ t a PPIase^ <go\SL7] ^sfl ^ 7 >*1 CypA- 

^t#*> ^ M]S. CypA/wt, CypA/W121F ^ CypA/R55A-I- DM<H] *] Hfl^wMS^ 

£ 8aS^Ei CypA/wt ^ CypA/W121F >Hl5L#^r DM°lH e^-^-sj-l- iL^l 1 ?} 
CypA/R55A M)S.±r °}^& ^s\-9] js©]*] ^rf^ ^ o. ^- ^ oiuf . of 5^ , 

PPIase e^-g-sHl ^^H^Hr ^-g. ^3*fr ^ Slcf. 

e^r-grSHl cflS^-[ P cDNA3.0 ^ ^ H9c2 >ae2.^]£ 

(MOCK)]^^ ^-sHl 4~5<H°1 CypA/wt ^1S<HH^ 8-9^, 

CypA/W121F ^S<HH^ 14-15^o] ^ ^Jls^tJ-. c^w-eI, CypA -%-^] ^ ^ 



6-2. gj^ 

0.4mM2l DFOM, 2,000 unit/m^ ^^^1 ^ 10mM^ H ^(Tr ion, 
4, 5-dihydroxy-l,3-benzene-di sulfonic acid)^- ^Ht^}^ DM«ll*HH 5^ ufl^^o^ 
H9c2 5-5.^1^ -B-S^V -f, ^e]]^-^ ^^f ^iH^tf. °1 ^^Hr £ 8b°fl 

M-EfM- °H, tfls-?^ ^JMI* f-B-^xi ^ wn^i^i^ -g-sHi- -ft- 

£ 8bS.^-Ei DFOM, 7h#E|-^ ^ ^s).^. ^cj^c^ ^ ^ oi^ 

t}. ^s-g- R0S7> £3-4^* *)^}7}Sr ^ M-EftflH, CypA/wt * 
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CypA/W121F >*flS<*1H^ ROS« #^}%°-3.^ *) *r &i=Hr ^ 



<198> 7 

<199> CsAofl *M eS-^la^l ^ 7>^ 

<200> 7-1. CsA^I CvpA ^-R-g. 

<20i> CsA7f CypA !HS# -frSL^ ^ ft^x] ^A^j-^cf. H 9c2 e^llt DM°1] -*! 48^1 # 

^ 0 vfl*l lOpM^l CsAS. ^^tb 3s CypAofl ^-o]^o] ^ p-^J^H s. 0 ]^o] 

^-g-*!- 31 ^€ £-^JlS CypA?) ^ ^§*Hfcf. zl 5. 9a 

M-^-M- £ 9a<^H ^ ^-tfl ZLsflH^ CsA ^I^a^ ^ ^ 

<202> E 9aS^-E^ CsA lOuM^l^i CypA ^^^^ a^o] #^14 ^h]-^ o,^ C sA^| 

-^JE7} #7>^-o)l trj-eKl ifl*l 5yM^ $$H>H) CypA o_ s 



<203> 7-2. ea^iiBj tfl^j 7 >^^ m^r 

<204> ^.^^v 55% o^ xfls^-fr H A7lfe 5pM^ CsA» ^7>*1 DlH 

H9c2 PBSS. Afl^^- tfg-, PM DM^H 48^1 7_V ^ 72 
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^°J: 44 ^4^* ^ *lli^4 5? 7}<33 < ?1*1« ^-^l*>7l ^Hfl 

SEth 5pM^ CsAS. ^e)tb DM^l 4# H9c2 eS.^lS# PBSS. 4 

48*1 PIH4 afl^Jl, 44 lOuM^I CsA« ^7>*V PJHI4 48*1 # ^o> 

#^717114, 10 yM^l CsAS 37>* DM°fl4 72*1 # -g-o> cf-g-, n ^EflSH 

^2j-« ^€4£4. ^ ^4fe 5- 9b$] 4# &4. 

£ 9b^r 43 =£^117} ^4 * ^:S}-7]- 7>^^ ^fCf. o]^ 5yM 

3 CsA» 3 7>tl DM^l ^Befl^H 343&^--g- 44M14. 4^4, 43 2c 

#^ M)S.^ 314-^ CsA ic#<^l ifl^-i: 7>^7fl £M lOmM^l CsA^^S. CsA* if"4*l 

tfls^-CE 8B^ £-4 ^ ^4 * ^-4^- ^ 5£&4 

3# *r $1^4. °1 3 4 4^£r 44 i^#4 eS-^li^ 4 ^ ^51 CsAofl 
4*1 €-44^4 4<S°1 &&°-4, 444, CypAl- iBsfli 



[^4 jl41 

44 PPIase 4°1#^€^ 

-fHMH. °14 *113E°114 PPIase »^-8- ^ 4°1#^^^ 4 U -M£) -fr:E47} 

1^4 ^ ^ofl 44 PPIase ££r 44 #3.^?! <&«M^ 

4^°1 -B-^^ 6 H *fl3Efe °14 ^-fr-l- i*]^ jl4^°14. 
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PPIase £fe S.^^ ^ f^l. 
2] 

^A]7l7lofl -B-jLtl- PPIase %^^r *M ^ #^*Rr ^fl 

3] 
4] 

PPIase AM-tS.^ -n-^^H A 

5Ett -^-AV^ofl tflSfj tfl^ ^ ojAi 

I^t 1 * 5] 
[^^J- 6] 

PPIase ^ ^-M^g- iS^Rr -fr3i*>» o.s 
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^^1^ Bfl°<J=*>Jl, afl^l-S.^-^ ppiase 

S-^^ ^^SLsL A>ol#^i^ A lE^r o]^ -fi-*}*H cfltfl iflAjo. 

[3^8" 7] 

°H A>ol^^5£^ A iE^r -frA}^ ^e)^H Hfl^V^l, wH^lrS^- 

^il- wj-^. 

8] 

^16*J- ^]7%H1 91°]*), °H ^£^lioj o]Al 
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2b] 
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niton Ni» 



0 1 2.5 5 10 



CsA (jiM) 



3a] 
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[S- 3b] 
DayO 



Day 3 



«D» 4 myogenin 
«• « MR F4 
— * 4 P-actiii 



0 1 2.5 S 10 9 200 
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[5. 5al 





10° 10 1 10 2 10 3 10 4 10° 10 f 10 2 10 d io 4 ii d io 1 7o^ To 5 10 4 




™< 634 ± 20 <j 





M.»,..,.,n.»,.^ -■ n,, , ,|,,,„,.,,ii i i , l | g 

10 U 10 1 1(f 1(T 10 4 10° 10 1 10 2 10 3 10 4 10° 10 1 10 2 10 3 10 4 




[£ 5b] 

Control DFOM Catalasc 




s 
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U 
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60 
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[£ 6al 




9 200 1 2.5 5 10 



4* 



[£ 6b] 




io u io' icr io J io* 



l|(f M| 1 1 liq J I MB| I Ml 

10° 10 1 10 2 10 3 10' 



r io° 10 1 \r w io io° 10 1 10* 10 3 10 4 
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IS. 7a] 



US iBi < c-myc 
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IS. 7c] 



Mock 



< 



269 ± 13 



CV) 



CypA/wt 



200 ± 16 




CypAAV121F CypA/R55A 



io° SH? io 3 To 4 to 0 to 1 To 2 ii 3 1? ^To'Ta^To* 




1(p 




io° io 1 10 2 10 3 10 4 io° io 1 10 2 io 3 10 4 io° to 1 # 10 3 10 4 iJ tf To r i71? 





1<T 



[£ 7d] 
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IS. 7f] 



CsA 10 nM R 2 0 2 300 jiM 



140 



0-actin 
< Bax 



£100 -I 
^ 80 

1 60 1 

2 40 
a 

W 20 



n 



0 



r&J^ n$ 
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15. 8b] 
Control DFOM 



Tiron Catalase 
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IS. 9a] 



i P-actin 
< CypA 




CsA(nM) 0 



9b] 

PM DM 
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